(1) present direct evidence, obtained by transmission electron microscopy, that widespread coatings were formed by deposition of impactgenerated vapor on lunar regolith particles. Since the Apollo missions, we have emphasized the following points, which are based on theoretical calculations and on laboratory studies of the properties of evaporated silicate deposits and of lunar samples (2). (i) The mass of vapor generated by impacts on the lunar surface is comparable in magnitude to the mass of impact melt glasses; (ii) the physics of impact into a porous regolith requires that much of this vapor be retained in the soil rather than lost to space (as is widely believed); (iii) experimental coatings made from vaporized or sputtered lunar basalt contain abundant inclusions of submicroscopic, superparamagnetic metallic Fe; and (iv) this Fe may explain the magnetic signature, low albedo, reddened spectrum, and subdued absorption bands of lunar regolith.
Keller and McKay conclude (1) that the amorphous rims of approximately 500 A on lunar dust grains are largely a result of impact-produced vapor deposits. This contrasts with previous work by Bibring et al. (2) , who concluded that these rims result from solar wind (SW) ion damage. Keller and McKay base their conclusion on the observation of compositional differences between the rims and grain interiors of silicates. Setting aside for the moment the question of whether such compositional variation can also occur within a radiation damage model, a crucial test of the lunar vapor scenario should be provided by lunar soil ilmenite (not studied by Keller keV/amu), but not by the "impact" of lunar vapor with a much lower energy (a 0.1 eV/amu). Simulation experiments of SW (2), which indicate that silicates are about ten times more sensitive to damage and sputtering than ilmenite, reproduce this rounding and "coating" effect. The critical fluence of SW ions needed to form amorphous rims on lunar silicates is two to three times smaller than the critical fluence required to round off their edges. Consequently, the well-rounded feldspars depicted in the report by Keller and McKay (1) necessarily contain a SW ion damage layer.
Other observations support the dominance of SW radiation damaged layers. First, the quantity of SW rare gases retained depends on the nature of the lunar mineral, with ilmenite being the most retentive (4). Thus, these gases cannot be implanted in silicate vapor deposits on ilmenite, consistent with our TEM observations. Second, thermal annealing experiments (2) indicate that the approximately 500 A amorphous rims on lunar silicates anneal at the same temperature (:800'C) as the fossil nuclear tracks registered in the same grains. The same annealing conditions were noted for damage layers of about 500 A obtained with artificial SW. In contrast, artificial feldspar vapor deposits on silicates start recrystallizing at very low temperatures (=300'C) and flake off at about 500MC (5). Thus, annealing experiments also indicate a radiation damage origin for the lunar amorphous coatings.
Our observations confirm that vapor deposits do alter the composition of lunar grain surfaces, but they also show that disordered rims on lunar grains must be largely ascribed to radiation damage. Moreover, unlike Keller and McKay, we do not expect that the composition of the SW damage layer will strictly match the com-position of its host minerals because "recoil mixing" (6) can deplete this layer in light elements and especially because the SW damage layer on silicates is extremely reactive. For example, Dran et al. (7) showed that hydration rates can be up to 103 times higher than that of the undamaged mineral. Concommitant ejection of alkali metal ions in silicates loaded with SW-implanted hydrogen could, for example, provide an explanation for the alkali metal depletion in the lunar silicate rims observed by Keller and Fe (which are also present in trace concentrations in the host plagioclase). Overall, the average rim compositions are remarkably similar and are independent of the host grain mineralogy (Table 1 ). These data indicate that much of the "thickness" of amorphous rims consists of elements that are not indigenous to the host soil grains.
Whether there are "sputtering" or radiation effects superimposed on the vapor deposited material can be debated. We do not explicitly exclude the effects of radiation damage as a contributing factor to the formation of amorphous rims; we merely emphasize the major (and generally overlooked) role played by condensed vapors in the formation of amorphous rims on lunar soil grains.
